ANFIS Modeling of Delamination During Drilling of Medium Density Fiber (MDF) Board  by Prakash, S. et al.
 Procedia Engineering  97 ( 2014 )  258 – 266 
1877-7058 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014
doi: 10.1016/j.proeng.2014.12.249 
ScienceDirect
Available online at www.sciencedirect.com
 
12th GLOBAL CONGRESS ON MANUFACTURING AND MANAGEMENT, GCMM 2014  
ANFIS modeling of delamination during drilling of Medium  
Density Fiber (MDF) board  
 
S.Prakasha*, J.Lilly Mercyb, Putti Venkata Siva Tejac, P.Vijayalakshmic  
 
aProfessor, Department of Mechanical and Production Engineering, Sathyabama University, Chennai, 600119, India  
bAssistant Professor, Department of Mechanical and Production Engineering, Sathyabama University, Chennai, 600119, India  
cPG Student, Department of Mechanical and Production Engineering, Sathyabama University, Chennai, 600119, India  
 
 
 
 
Abstract  
 
Medium density fiber board (MDF) is an engineered wood product which possesses medium density than normal wood and is 
widely applicable in interior and exterior applications in industries. Normally in drilling process the materials reduce their 
performance due to delamination. The objective of this paper is to estimate delamination effect on MDF board. The modeling  
was done using ANFIS tool box of MATLAB. The experiment was done by giving the input parameters- speed, feed rate, drill 
diameter for which the output response taken was delamination. Root mean square error for different membership functions of 
delamination was obtained and the effect of speed, feed rate and drill diameter was studied. 
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1. Introduction  
 
Medium density fiber board (MDF) is a wood product made up of small particles of wood dust by joining the cellulosic 
fibers together with a resin and compressing the board under some heat. MDF has several properties that it is uniform, 
smooth and it won't warp and having several advantages over high density fiber board, plank wood, and particle board as it 
won't swell in high-humidity applications like bathroom cabinet. It is also having insular qualities in sound and heat. 
Machining operations are frequently used in industries to assemble mechanical structures. Various machining operations  
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includes drilling, milling, turning, etc to obtain the required size and shape. Among these operations drilling is commonly 
employed machining operation in Particleboard and MDF. During the drilling process the delamination occurs at the entry 
and exit due to the drill thrust. Singh.I et al [1] performed finite element analysis on drilling operation on composites 
reinforced using glass fiber and he also concluded that thrust is predominantly affected by point angle and feed rate. 
C.C.Tsao et al [2] observed that the feed rate and the drill diameter are the most significant factors affecting the thrust 
force. The radial basis function network is explained more effective than multi-variable regression analysis for the 
evaluation of drilling-induced thrust force in drilling of composite material. S. Prakash et al [3] proposed that the 
delamination or damage occur during drilling of MDF boards due to the insufficient penetration of the drills and 
indifferent nature of the material in which the wood fibers and resins are used. Camanho et al [4] proposed that inter 
laminar damage is the predominant form of failure in many laminated composites systems and found that delamination is a 
manufacturing defect can cause reduction in the compressive load-carrying capacity of a structure. The stresses which 
are occurring near geometric discontinuities will cause a significant loss of structural integrity. Whitney et al [5] proposed 
that the simulation of delamination in composite materials is usually divided into delamination initiation and delamination 
propagation. Benzeggagh et al [6] proposed that the delamination onset criterion stems from the expression of the critical 
energy release rate for delamination propagation under mixed-mode loading. Khairur et al [7] proposed the factor of 
delamination using robust engineering technique founded by Taguchi. The optimum drilling parameter which is based on 
smaller the better is optimized and it is confirmed by the confirmation experiment that the imperfections is minimized. 
Three control factors are investigated in the study: feed rate, cutting speed, and drill bit diameter. The robust assessment of 
the optimization indicates that the drilling parameter is less sensitive to the noise factor. Jyh- Shing et al [8] proposed 
ANFIS- Adaptive Network Fuzzy Inference System and a combination of a neural network and fuzzy logic and later 
changed this to Adaptive Neural Fuzzy Inference System. Piero P.B et al [9] explained that ANFIS refers to an inference 
system that integrates the best features of neural network and fuzzy logic and predicts input/output relationship of given set 
of data. jang J.S et al [10] explained that ANFIS is a system which designed to allow IF-THEN rules and membership 
functions like fuzzy logic are to be constructed based on the historical data and also it which includes the adaptive nature 
for automatic tuning of the membership functions. Lilly Mercy et al [11] proposed an ANFIS model with and without sub-
clustering and concluded that ANFIS with sub-clustering holds good for the prediction of thrust force with minimum error 
in drilling particle board.  
In conclusion, most of the researchers which are focusing on the medium density fiber board (MDF) and less on the 
drilling aspects like stresses and forces which are acting. Therefore, this study employs the feed rate and drill speed on the 
delamination factor by using ANFIS modeling which helps in simulating the effect of input parameters on the output 
response.  
 
2. Experimental details  
 
Medium density fiber board manufactured by ASIS India Ltd., is taken for the study. Drilling operation was performed 
in a CNC machining centre, using carbide twist drill bits. Taguchi design of experiment was used and  
L27 orthogonal array was chosen in which the input factors considered for study are feed rate, speed and drill  
diameter and the output response is delamination. Delamination was measured using C-Scan equipment. The input  
factors that have been considered for the experiment along with their levels are shown in Table 1.  
 
Table 1. Input factors  
Input factors  Column A  Column B  Column C  
 
Speed  1000 rpm  3000 rpm  5000 rpm  
Feed  100 mm/min  300 mm/min  500 mm/min  
Drill diameter  4 mm  8 mm  12 mm  
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3. Fuzzy model of drilling based on ANFIS  
 
3.1. Architecture of ANFIS  
 
An adaptive neuro fuzzy inference system is an feed forward type which gives the inter relation between input data and 
output data to determine the optimal membership functions. The fuzzy logic model and artificial neural network model 
were used in ANFIS architecture, to construct an interference system, as there are five different layers which are used, as 
each layer consists of several nodes which are inter related by getting input parameters of current layer from the nodes in 
the exisisting layer.  
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Fig. 1. ANFIS architecture  
 
Fig.1 shows the ANFIS architecture for a system with different input factors (V, d) and each with two membership 
functions (V1, V2, D1, D2) and one output function (f). The five layers which consisting in ANFIS  
model are fuzzification layer, product layer, normalization layer, defuzzification layer, output layer.  
 
3.2. Fuzzy inference system  
 
The main aspect of fuzzy logic controller/modeling is the interface system which consists of control strategy in the 
form of "If-Then" rules. Mamdani and sugeno are the types of fuzzy inference system which are applied in a fuzzy toolbox 
of MATLAB. The primary step of modeling system is to decide the input parameters and output parameters of fuzzy logic 
controller. Sugeno type fuzzy inference system is considered in experiment as it is used to model any system in which 
output functions are neither linear nor constant. The fuzzy inference system is designed for multiple inputs and single 
output system. In current study there are three inputs and one output as shown in Fig.2  
261 S. Prakash et al. /  Procedia Engineering  97 ( 2014 )  258 – 266 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. ANFIS structure of input factors and output response  
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Fig. 3. Flow chart in ANFIS  
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4. Results and discussion  
 
According to adaptive neuro fuzzy inference system framework and flowchart as shown in Fig. 3, the structure of 
adaptive neuro fuzzy inference system may be revised as shown in Fig. 4. During learning stage, The optimal structure 
with 27 membership functions by trial and error method, as there are different membership functions like triangular 
membership function, trapezoid membership function, generalized bell membership function, Gaussian membership 
function were tested as shown in Table 2. The ANFIS can take the experimental data parameters as membership functions 
which are shown in Table 3 as the input training data.  
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Fig. 4. Fuzzy inference system basic structure  
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Table. 2. RMSE values for different Membership functions at different training epochs  
 
 
Training error  Tri MF  Trap MF  Gbell MF  GaussMF  
 
 
 
5 epochs  1.293e-6  1.293e-6  1.294e-6  1.295e-6  
 
 
10 epochs  1.292e-6  1.293e-6  1.292e-6  1.294e-6  
 
30 epochs  1.292e-6  1.293e-6  1.299e-6  1.294e-6  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Training error got in 50 epochs in Tri MF  
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Table. 3. Experimental data parameters  
 
 
Type  Sugeno  
Inputs/Outputs  
No.of input membership functions  
No.of output membership functions  
Input membership function type  
Output membership function type  
No.of fuzzy rules  
No.of epochs  
3/1  
3 
27  
triMF 
triMF  
27  
50  
 
These 27 input values which are framed as fuzzy rules in ANFIS as shown in Fig. 5. As when solving a problem using 
ANFIS network two important things are to be considered as: the number of required rules and type of membership 
functions. A number of networks with different number of rules and different membership function types were generated 
using ANFIS editor of MATLAB software. Then, ANFIS structures are trained based on root mean square error (RMSE) 
goal of 0 and maximum number of 50 epochs as the root mean square error criterion is same for all networks as shown in 
Fig. 6, their actions are compared by testing the different ANFIS structure with various number of membership functions it 
is obtained. Here four types of membership functions and three test data sets were assumed and then the root mean square 
error was calculated for each case results shows that the Gbell MF in comparison with other MF is having more root mean 
square error value (1.295e-6) therefore it is not a good membership function for this model. Also the average root mean 
square error value of Gauss MF (1.294e-6) is more than the Trap MF and Tri MF; hence it is also not a good membership 
function. Finally comparing between Trap MF and Tri MF the average of Tri MF is having better predictions in more 
cases. Therefore, the generalised  
triangular membership function (Tri MF) as shown in Fig.5 and L27 orthogonal array rules are the best architecture  
for the ANFIS model.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Training ANFIS using the values got from experiment L27 -OA  
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Fig. 7. The 27 input values framed as rules in ANFIS  
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The input factors feed rate, speed and drill diameter of 27 input rules are loaded in C-Scan equipment to find the  
effect of delamination which is occurred during drilling. The Fig. 8 and Fig. 9 shows the 3D surface plot of delamination 
and their output response for combination of any two input values during drilling.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Effect of speed and feed on delamination  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Effect of feed and drill diameter on delamination  
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5. Conclusion  
 
In this experimental work, an ANFIS model in Matlab has been used to predict the delamination which is occurred in 
MDF board by drilling. As speed increases from 1000 to 5000 rpm, as shown in Fig 9, delamination decreases and as feed 
increases, there is a steady increase in delamination. Increase in drill diameter increases delamination. However, feed has 
the highest influence on the response. It is trained for different membership functions for different epochs as given in 
Table.1 It's found that the training error is in the order of 10^-6 which is very less. Hence ANFIS can be used as a better 
modeling tool, when compared with traditional modeling techniques.  
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